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Dermoscopic evaluation of skin in healthy cats  1	  
Abstract 2	  
Background ‒ Dermoscopy represents a diagnostic tool that by revealing 3	  
morphologic structures not visible to the naked eye has improved cutaneous clinical 4	  
examination. 5	  
Objectives ‒ To assess the usefulness and applicability of dermoscopy for skin 6	  
examination of clinically healthy cats.  7	  
Animals ‒ Twenty-one DSH cats from a feline rescue association.  8	  
Methods ‒ Four regions (frontal, dorsal neck, sacral, and abdomen) were selected 9	  
and dermoscopy was performed with both a contact handheld non-polarized light 10	  
dermoscope at 10-fold magnification and a videodermoscope at 70-fold 11	  
magnification. Findings were assessed using histomorphometric analysis of skin 12	  
samples cut both longitudinally and transversely, set as gold standard. 13	  
Results ‒ With handheld dermoscopy at 10-fold magnification, thick, straight primary 14	  
hairs surrounded by multiple secondary hairs were observed on translucent skin. 15	  
With videodermoscopy at 70-fold magnification, hair shaft thickness was measured 16	  
and the follicular openings and arrangement of vessels were clearly observed. 17	  
Correspondence was observed between dermoscopic and histologic results. 18	  
Conclusions ‒ Dermoscopy represents a valid noninvasive and reproducible 19	  
techniques that may open new perspectives in veterinary dermatology by improving 20	  
diagnostic accuracy in several clinical scenarios.  21	  
 22	  
Introduction 23	  
Mammalian skin is both the largest organ of the body and a physiologic barrier 24	  
between the animal and environment. A great deal of information on dermatologic 25	  
conditions can be obtained by microscopically studying materials collected from hair 26	  
and skin. For this purpose, several easy-to-perform techniques can be used to add 27	  
valuable information to a case workup.1 28	  
In recent decades, there has been growing use of new diagnostic tools in the 29	  
dermatology field, mostly in humans. The introduction of dermoscopy, for example, 30	  
has provided additional morphologic information during clinical examination by 31	  
revealing cutaneous structures invisible to the naked eye.2-4 In practice, this 32	  
technique relies on direct contact of an optical handheld lens with the skin surface 33	  
and on visualization of skin structures at 10-fold magnification.5 However, digital 34	  
videodermoscopes that allow fine observation of skin details by exploiting 35	  
magnification from 20- to 100-fold and higher have recently emerged.6 Although 36	  
dermoscopic diagnostic accuracy has been documented, mostly in the clinical 37	  
evaluation of pigmented skin tumors,7-9 in recent years this technique has been 38	  
employed for the evaluation of morphologic vascular patterns, hair and follicular 39	  
abnormalities,4,10 and for several inflammatory and infectious skin diseases.11 To the 40	  
authors’ knowledge, except for an abstract regarding the dermoscopic features of 41	  
dermatophytosis in cats by means of a handheld lens,12 no studies have been 42	  
documented on the application of this diagnostic tool in veterinary dermatology. 43	  
Against this background, our objectives were to describe the dermoscopic features of 44	  
healthy feline skin and to assess the correspondence between dermoscopic and 45	  
histologic findings. We focused on the possibility of reaping the rewards of new non-46	  
invasive and reproducible techniques and opening new perspectives in the everyday 47	  
practice of the clinician in veterinary dermatology.  48	  
 49	  
Materials and Methods 50	  
Study population: Twenty-one domestic short-haired cats from a feline rescue 51	  
association were enrolled in this study. This group included 2 intact females, 9 52	  
spayed females, and 10 neutered males, ranging in age from 1 to 6 years (mean ± 53	  
SD= 2.7 ± 1.8) and in body weight from 1.9 to 6 kg (mean ± SD= 3.1 ± 1.0). Cats 54	  
were considered healthy on the basis of normal results on physical examination, 55	  
complete blood count, and routine serum biochemical analysis. To avoid artifacts 56	  
derived from movement, cats were sedated with a dexmedetomidine 57	  
(Dexdomitor®)/ketamine (Imalgene®) combination at 10 µg/kg and 3 mg/kg, 58	  
respectively. Once positioned in sternal recumbency, three regions were selected for 59	  
the first examination, in the following order: frontal halfway along the line connecting 60	  
the rostral margins of the supraorbital processes, dorsal neck at the junction between 61	  
the second and third cervical vertebrae, and sacral halfway along the line connecting 62	  
the right and left tuber coxae. Cats were then positioned in dorsal recumbency and 63	  
the abdominal region along the linea alba was the fourth selected region. In all these 64	  
regions, areas of 2 cm x 4 cm were gently clipped. All procedures outlined in this 65	  
study were approved by the feline rescue association after submission of information 66	  
and were performed under good clinical practices in accordance with ethical 67	  
guidance published in no. 289 of the national Gazzetta Ufficiale (G.U.), 10 December 68	  
1996, 47-53. 69	  
 70	  
Dermoscopic examination: A contact handheld non-polarized light dermoscope 71	  
(Heine Delta 20® Plus, HEINE Optotechnik GmbH & Co. KG, Germany) with 72	  
immersion fluid (gel) was applied to the above-selected regions, and to ensure 73	  
consistency of resolution and illumination, images at 10-fold magnification were 74	  
acquired consecutively with a digital camera (Nikon D3100, Nikon USA Inc, Melville, 75	  
NY) directly connected to the dermoscope.  76	  
Dermoscopic examination was also performed with a videodermoscope (FotoFinder 77	  
Systems GmbH, Bad. Birnbach, Germany), and 70-fold magnification was selected to 78	  
better visualize cutaneous details. Indeed, at this magnification and based on gross 79	  
appearance, both primary and secondary hairs were observed, hair thickness was 80	  
measured in direct proximity to the follicular ostia, and arrangement of vascular 81	  
structures was evaluated.  82	  
 83	  
Histologic examination: skin samples from selected regions were taken with a 6 mm 84	  
punch biopsy and placed in neutral-buffered 10% formalin for 48-72 hours at 4°C. 85	  
After dehydration in a graded series of ethanol, tissue blocks were embedded in 86	  
paraffin. Sections (4-6 µm thick), cut both longitudinally and transversely, were 87	  
stained with haematoxylin and eosin for histological examination. Sections were then 88	  
observed and photographed under an Olympus BX51 photomicroscope equipped 89	  
with a digital camera, and DP software (Olympus, Italy) was used for computer-90	  
assisted image acquisition and management. Histometric measurements of skin 91	  
thickness were taken.  92	  
 93	  
Results  94	  
Dermoscopic features: With handheld dermoscopy at 10-fold magnification, thick, 95	  
straight primary hairs surrounded by multiple secondary hairs were dorsally observed 96	  
(Figure 1a). Ventrally, thinner hairs were far more numerous. The infundibular portion 97	  
of the hair follicles and interfollicular skin appeared whitish and translucent. With 98	  
videodermoscopy at 70-fold magnification, thick hairs emerging independently 99	  
through an individual external orifice and considered as guard hairs were observed 100	  
dorsally. Guard hairs were surrounded by three to four fine, slightly crimped hairs 101	  
considered as down hairs, all emerging through a common external orifice. Hairs 102	  
thicker than down hairs but thinner than guard hairs were also detected and 103	  
considered as awn hairs. Thin arborizing vessels between follicular units were 104	  
observed. All these findings and measurements of hair thickness are shown in Figure 105	  
2a. Ventrally, guard hairs and numerous down hairs were detected at 70-fold 106	  
magnification (Figure 2c).  107	  
 108	  
Histologic features: In transverse histological sections taken dorsally, hair follicle 109	  
units typically comprised three compound hair follicles, showing a characteristic 110	  
spatial arrangement. Centrally, a large primary hair follicle was present. The two 111	  
compound hair follicles on each side of the central hair had a lateral primary hair 112	  
follicle surrounded by three or four secondary hair follicles (Figure 1b, 2b).Ventrally, 113	  
up to 14-16 secondary hair follicles surrounded the primary hair follicle (Figure 2d). 114	  
Superficial dermal vessels were also observed as normal (Figure 2d).  115	  
Discussion 116	  
In humans, noninvasive in vivo imaging techniques have become an important 117	  
diagnostic aid for clinicians. Dermoscopy, also known as dermatoscopy, incident light 118	  
microscopy, skin surface microscopy, and epiluminescent microscopy, provides 119	  
clinicians experienced in the technique with additional information on the morphology 120	  
of skin lesions.3,4 However, although a dermoscope is functionally similar to a 121	  
magnifying lens, it is, rather, a more complex instrument with the added features of 122	  
an inbuilt illuminating system, greater magnification, and the ability to assess skin 123	  
structures and record images.13 There are many types of dermoscopes, 124	  
conventionally divided into handheld types with a 10-fold magnification and digital 125	  
types, equipped with software which allow measurement of the visualized structures 126	  
in images magnified up to 70-fold, and which yield results in real scale.  127	  
Dermoscopy examination can be done with a non-polarized (NPD) or a polarized 128	  
(PD) light source. The former requires application of a liquid such as water, oil, or 129	  
alcohol-gel at the interface between the epidermis and the glass slide of the device, 130	  
optically linking to the stratum corneum and reducing the light reflection responsible 131	  
for the glistening appearance of the skin surface.5 With this method, structures 132	  
present below the skin surface such as melanin and blood vessels may be 133	  
observed.4,10,14 Conversely, PD is usually created with the use of filters without the 134	  
necessity of a liquid interface, superficially blocking reflected light more efficiently 135	  
than NPD. However, while it is generally thought that NPD and PD are similar, the 136	  
dermoscopic images obtained are not equivalent, but rather complementary.5,15-17 In 137	  
humans, these dermoscopes can also be used for hair and scalp examination, known 138	  
as trichoscopy.10,18-20 Nevertheless, in healthy individuals, trichoscopy has not been 139	  
extensively studied and what has been published has focused mostly on the 140	  
appearance of hair shafts, follicular openings, and blood vessels.21,22 141	  
Against this background, our purpose was to test, in veterinary dermatology, the use 142	  
of dermoscopy in healthy cats, in order to describe hair shaft characteristics, follicular 143	  
openings, and vascular arrangements, so as to contribute to improving diagnostic 144	  
accuracy and to laying the foundations for further studies. We used both handheld 145	  
NPD and videodermoscope and at 10-fold magnification it was possible to clearly 146	  
distinguish primary from secondary hairs and to visualize the hair follicle infundibula 147	  
and the interfollicular skin. Contrary to humans, blood vessels were not visible at this 148	  
magnification in the interfollicular skin. Nevertheless, with videodermoscope at 70-149	  
fold magnification, it was possible to measure the diameter of hairs and to observe 150	  
the follicular openings and other details such as vessels between follicular units.  151	  
On translucent skin, guard hairs appeared thicker and straight when compared with 152	  
the thinner awn and down hairs. Guard hairs were clearly observed as they emerged 153	  
individually from an external orifice, in contrast with the down hairs emerging all 154	  
together from a common external orifice. Capillary loops under the translucent 155	  
epidermis and believed to emanate from the superficial plexus to supply the 156	  
epidermis and upper portion of the hair follicles were also observed between follicular 157	  
units, as a normal finding, just as reported in humans.23 Although similar results were 158	  
also demonstrated between dermoscopic and histological features, histological 159	  
examination not always allows to fully appreciate the morphologic features of vessels 160	  
as normally provides a vertical view of skin sections. Dermoscopy by contrast, 161	  
through a horizontal view of the skin, enables the identification of vessels that run 162	  
parallel to the skin and their architectural arrangement. Moreover by dermoscopy and 163	  
in comparison with histology, it is possible to better appreciate the perifollicular 164	  
contour and the interfollicular skin in addition to the measurement of relevant 165	  
trichologic structures. All these observations and practical clinical indications of 166	  
dermoscopy are summarized in the table 1. It can be concluded that dermoscopy is a 167	  
reliable diagnostic tool and in the future, it is expected that it could become a useful 168	  
diagnostic technique for establishing hallmark features also in feline skin disorders.  169	  
 170	  
 171	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  227	  
Figure legends 228	  
 229	  
Figure 1. Comparison between dermoscopic findings (a) and haematoxylin and 230	  
eosin-stained transversal section of a corresponding area of cat skin . At 10-fold 231	  
magnification with a handheld non-polarized dermoscope in dorsal neck region, 232	  
numerous primary hairs (yellow asterisk) are surrounded by secondary hairs (white 233	  
asterisk) on translucent skin (scale represents 1 cm) (a). Histology of a similar area 234	  
shows a regular repetition of hair follicle units arranged in groups of three compound 235	  
hair follicles, with one arrector pili muscle each. Central primary hair follicle (cPHF) 236	  
and secondary hair follicles (SHF) (scale bar represents 1000 µm; 4x) (b). 237	  
Figure 2. Comparison between videodermoscopic findings (a) and haematoxylin and 238	  
eosin-stained transversal section of a corresponding area of cat skin. 239	  
Videodermoscopic findings at 70-fold magnification: On a scale of 20.03 mm: primary 240	  
hairs=0.95 mm and 1.46 mm; secondary hairs=0.24 mm. Arborizing blood vessels 241	  
can also be observed (circle) (scale bar represents 20 mm) (a). At higher 242	  
magnification, histology of a similar area shows a large central primary hair follicle 243	  
(cPHF), with two compound hair follicles on each side, each of them composed of a 244	  
lateral primary hair follicle (lPHF), thinner than the guard hair, surrounded by four or 245	  
five secondary hair follicles (SHF). Normal blood vessels (BV) are present (arrow) 246	  
(scale bar represents 200 µm; 20x) (b). Numerous secondary hairs in ventral region 247	  
(70-fold) and their thickness (mm) (on a scale of 1 mm, hair thickness=0.02 mm and 248	  
0.03 mm) (c). Histology of a similar areas shows numerous secondary hair follicles 249	  
(SHF) (scale bar represents 200 µm 10x) (d). 250	  
Table 1.  Skin features that may be visualized by dermoscopy and possible 251	  
applications of dermoscopy in veterinary dermatology. 252	  
	  
What to observe dermoscopically 
 
Hair shafts Hair follicle openings Perifollicular 
and 
interfollicular 
skin surface 
Blood 
vessels 
Type and number of 
hairs in the follicular 
units 
Presence of hair shaft 
residues, follicular plugs 
Scaling intensity 
and location 
Morphology of 
vascular 
patterns 
Assessment of hair shaft 
components  
Size Surface 
structures 
Arrangement 
of vascular 
structures  
Hair shaft thickness  
(videodermoscopy) 
Color  Color  Color  
    Possible clinical indications for dermoscopy 
 
Identification of:  
• Parasites (es. lice 
adults and their 
eggs, Cheyletiella 
spp) 
• Hair shaft 
structure 
abnormalities  
• Hair density 
abnormalities  
• Hair pigmentation 
abnormalities 
• Hair cycling 
abnormalities  
 
• Identification of:  
• Parasites (es. 
Demodex spp) 
• Follicular 
keratosis  
• Different pattern 
of follicular 
scales 
 
 
 
 
 
 
 
Identification of: 
• Parasites 
(es.Cheyletiella 
spp) 
• Perifollicular 
inflammation  
• Interfollicular 
inflammation  
• Different 
patterns and 
colors of 
scaling 
• Skin color 
variegations  
• Discharge 
• Surface 
structures 
 
Identification 
of alternative 
vascular 
patterns as 
indicator for 
diseases 
	  
 253	  
